The aim of this research was to develop membranes of polyvinyl alcohol (PVA) and chitosan (CH), capable of absorbing an Aloe Vera solution and gradually releasing to accelerate wound healing. The methodology involved varying the membrane's composition using Chitosan and Polyvinyl Alcohol at 5 and 10% w/v, and implementing different PVA/CH relations of 30/70, 50/50 and 70/30 (v/v) and embed them in a 2% (v/v) Aloe Vera solution to create hydrogels. Once hydrogels were obtained, they were characterized by Infrared Spectroscopy and Scanning Electronic Microscopy, and evaluated by mechanical and absorption tests as well as bactericide activity assays. The crosslinking degree between PVA/CH allowed obtaining a matrix with high absorption capacity and with gradual release of Aloe Vera, with mechanical properties and dimensional stability even after rehydration. Bactericide assays showed chitosan and Aloe Vera protective activity, which indicates this compound may be suitable for applications that help in wound healing.
Introduction
Chitosan is a completely deacetylated β-(l-4)-2-amino-2-desoxi-D-glucopiranose, obtained by deacetylation of chitin through treatment in alkaline conditions. Is a non-toxic, biocompatible, and biodegradable polymer, which has How to cite: Escobar-Sierra, D.M. and Perea-Mesa, Y.P., Manufacturing and evaluation of Chitosan, PVA and Aloe Vera hydrogels for skin applications DYNA, 84(203), pp. 134-142, December, 2017. attracted interest to a wide range of biomedical and pharmaceutical applications, cosmetics, and tissue engineering [1] . The use of biodegradable polymeric systems as implantable drug delivery systems is desirable, since the devices are degraded and eliminated from the body.
Biodegradable hydrogels would be ideal for the improvement of the existing dose form and the development of a new and better drug delivery system. The incorporation of drugs in polymeric membranes forming hydrogels for the treatment and prevention of skin infections has been a common clinical practice due to the fact that hydrogels are a cross-linked network obtained from a macro-molecular hydrophilic polymer. It is stable upon swelling in water and capable of absorbing a large amount of water, which has caused great interest for several applications as drug delivery or wound protectors.
Thanks to its biocompatibility, hydrogels may be put in direct contact with wounds as they help hydrating the dead tissue, providing not-reactive materials that do not cause irritation and cooling the surface of the wound, help reducing pain and increasing patient's acceptance [1] [2] [3] .
Hydrogels based on chitosan have shown very good properties when combined with drugs, as they are biocompatible and present swelling properties in aqueous mediums, among other features of interest. In addition to natural polymers, synthetic polymers also come to play an important role in the preparation of hydrogels helping to improve mechanical properties. Polyvinyl alcohol (PVA), polyacrylamide (PA) or polymethyl methacrylate (PMMA) polymer, strengthen the network by way of a crosslinking agent to confer to these improvements in mechanical properties, depending on the links are achieved and radical form entering the network [4] [5] [6] .
The main objective of this research was to evaluate the effects of crosslinking on the mechanical properties of Aloe Vera embedded membranes so they can be used as hydrogels in medical applications by strengthening the network of chitosan adding polyvinyl alcohol to 5 and 10% as crosslinking agent [7] [8] [9] .
Experimental

Preparation of CH/PVA membranes
A 1% (w/v) chitosan (CH) solution (Sigma Aldrich percentage deacetylation >75%) was solubilized in 1% (v/v) acetic acid (Merck) by magnetic stirring during 3 hours at room temperature until completing homogenization. Parallelly, 5% and 10% of Polyvinyl Alcohol (PVA) (Sigma Aldrich, 98% hydrolyzed) solutions were prepared varying the concentration for 5 and 10% (w/v), dissolving PVA in distilled water under constant stirring for 2 hours at 70°C.
To prepare membranes, solutions of Polyvinyl Alcohol and Chitosan were mixed for each concentration of PVA with magnetic stirrer during 30 min, to which relations 30/70, 50/50 and 70/30 v/v PVA/CH were varied; then the mixtures were molded to 60x15mm forms and isolated in the aeration chamber at room temperature for 24 hours to remove bubbles formed during the process. Upon completion, the mixtures were taken to the oven for 8 days at 40°C. Finally, dried membranes are removed from Petri dishes and labeled. All membranes were made in triplicate for each ratio of PVA/CH used.
Characterization of PVA/CH membranes
Obtained membranes were characterized by Fourier Transform Infra-Red (FTIR) on a Perkin Elmer Spectrum One model with a DTGS detector, with a wavelength range between 4000 and 400 cm -1 to observe the composition of present functional groups and to identify the corresponding bands of PVA/CH composite both membranes and hydrogels.
Morphological characterization of the membrane structure was carried out with Scanning Electron Microscopy (SEM) using a JEOL JSM 6490 LV microscope. Samples were fixed in a graphite tape, underwent a thin gold coating using vapor deposition techniques on a Denton Vacuum Desk IV computer and were analyzed under high vacuum mode. The surface was then scanned using 2000X and 5000X magnification in order to evaluate surface morphology and porosity of hydrogels before and after being embedded in a 2% Aloe Vera solution.
Mechanical tests
Specimens were prepared in tape form with dimensions of 114mm x 29mm of each PVA/CH (30/70, 50/50 and 70/30) sample with 5% and 10% PVA (as specified by the ASTM D882-09 [10] to polymers with thickness below 1mm), and brought to the Universal Testing Machine (DIGIMESS) using a 500 N load distribution and a 5 mm/min tension strain rate, to assess the mechanical properties of the crosslinked membranes. The ultimate strain and stress (from the point of failure), the modulus (from the slope of the linear region), and the Yield Strength were calculated from pattern and specimens prepared with various PVA percentages.
Aloe Vera absorption test
For this assay, a membrane with 22mm x 21mm dimensions was extracted, and it in turn was divided into three 22mm x 7mm fractions in order to carry out each test in triplicate. Each of the fractions was soaked in a 2% Aloe Vera solution (Cristaloe) for 48 hours. Weight change measurements were performed in an electronic balance during two hours in order to achieve stability.
Antibacterial activity test
Antibacterial activity of PVA/CH hydrogels was carried out in the presence of two bacterial species: Staphylococcus Aureus (S. Aureus) and Escherichia Coli (E.Coli), placing hydrogels on 5mm diameter discs which were previously sterilized with ethylene oxide. Discs were embedded in a 2% Aloe Vera solution, seeded in agars inoculated with the bacterial strains in nutritive agar, and underwent incubation for 24 hours at 37°C. Hydrogel antibacterial inhibition was determined by measuring the diameter of each clear zone around the gel in millimeters, using a ruler. All of the operation procedures were carried out under aseptic conditions. membranes are transparent, homogeneous and inflexible, have good consistency and their thickness is fairly uniform. After visual and tactile inspection, it is possible to determine that membranes with the lower PVA proportion are less rigid than the membranes with a higher PVA proportion. The conditions reported in the obtained membranes are similar to those reported by Zhao, [11] and León [12] .
Results and Discussion
Appearance of PVA/CH membranes
Characterization of PVA/CH membranes and pattern
Infrared spectra of the pattern and PVA/CH dry membranes (before imbibition in a 2% Aloe Vera solution) can be seen in Fig. 2 .
Membranes made with pattern materials present typical bands and the pure PVA has a band between 3600 and 3100 cm -1 associated with the stretching of OH -groups due to the strong hydrogen bonds, whereas the band located between 2950 and 2850 cm -1 refers to alkyl group (CH). In the chitosan spectrum, the band between 3600 and 3200 cm -1 is attributed to the extent of OH -and NH, and the band at 1655 cm -1 corresponds to stretching in the amide I (C=O) NH 2 for 1580 cm -1 , and the band 1313 cm -1 corresponds to the amide III. All these correspond to what has been reported in the literature for both polymers [13] .
PVA/CH membranes present increase in the bands between 3200 and 3600 cm -1 of the OH and NH 2 groups (with increasing percentage of chitosan and PVA) and bands between 2930 and 2850 cm -1 can be observed. However, in terms of chitosan amine NH 2, the displacement of the absorption band at 1580 cm -1 indicates that the amine interacts with the OH-groups of PVA Interaction among amine groups (~ 800 cm -1 ) and chitosan anomeric groups is evident, There are also bonds between double chains belonging to both molecules, which is evidenced by marked changes in transmittance, which shows a marked cross-linking of the molecules in these areas.
Pattern and PVA/CH hydrogels FTIR after imbibition in a 2% Aloe Vera solution can be seen in Fig. 3 . Fig. 3 shows how the band of OH -of PVA in 3300 cm -1 lose definition for overlap with the C-H bonds of chitosan; a decrease in transmittance showing the formation of molecular bonds (crosslinking) is also evidenced. Thus, the PVA/CH 30/70 -10% PVA sample is above the PVA/CH 30/70 -5% PVA sample and in turn, the sample lies above the PVA/CH 50/50 -10% PVA. This could be attributed to the amount of water in the Aloe Vera solution, which reacted with the PVA and CH and incorporated itself into the interstitial spaces created by the polymeric network. An increase is observed in the transmittance of the bonds between 2800 and 3000 cm -1 , denoting the formation of new peaks with greater transmittance, showing that these links were lost in the neo molecule formed of PVA/CH-Aloe Vera in lower proportion to PVA/CH 30/70 -10% PVA and increased in PVA/CH 50/50 -10% PVA and PVA/CH 30/70 -5% PVA samples. Similarly, the formation of a carboxylic bond in the region of 1600 cm -1 is possibly due to the fact that Aloe Vera's aromatic groups reacted with PVA and Chitosan, decreasing transmittance in this area, showing a molecular bond, higher for PVA/CH 50/50 -10% PVA hydrogel, followed by PVA/CH 30/70 -5% PVA and finally PVA/CH 30/70 -10% PVA.
Changes were seen in PVA C-O-C bonds in 1000-1300 cm -1 and chitosan amide bond III (1250-1360 cm -1 ). It can be seen that PVA/CH 30/70 -10% PVA hydrogel retains the defined shape of these peaks similarly to PVA, although transmittance increases, but in smaller amounts for the other two, showing a molecular link between the C-O-C and the chitosan amide bond. Before imbibing them in a 2% Aloe Vera solution (above), the texture of PVA/CH membranes is highly uniform and homogeneous, very similar in appearance, a fact that demonstrates the high reproducibility of the process. Apparent roughness or porous structures cannot be noticed, in accordance with the structure of the samples reported by Nagahama [14] . Fig. 4 show the action of Aloe Vera in the cross-linked network (down), which changes completely their morphology and appearance when compared to microscopy obtained in trials with the membranes (above images). Hydrogels imbibed in a 2% Aloe Vera solution show a highly porous morphology in the 50/50 PVA/CH -10% PVA hydrogel. Pores show different sizes, ovoid shapes and interconnections among them, which presumably means this hydrogel has good features to promote cell growth.
The 30/70 PVA/CH -5% PVA hydrogel shows flake-type morphology, and it is more widespread in the whole sample of the material; it also shows that the hydrogel can promote cell growth due to its morphology. It can be seen that 30/70 PVA/CH -10% PVA hydrogel also has a porous morphology, although this is not homogeneously distributed throughout the material. If compared to that observed before immersion, the change observed in the internal structure of these hydrogels is significant, because when entering the Aloe Vera solution on the network of each hydrogel, its porosity and morphology are not so flat and homogenous, and shows the structure formed by the PVA/CH.
All this indicates that, although the variation is small, the PVA/CH relation used can cause morphological changes. In addition, the structure obtained in these hydrogels enables cell growth, thanks to its porosity, as is described by De la Torre [4] and Sanchez [15] . When crosslink of PVA/CH increases; the porosity of hydrogel and the water diffusion into hydrogel also increases in agreement with Wikanta [16] .
Mechanical tests
Different changes in chitosan's crosslinking degree have been used to achieve desired mechanical properties in the membranes. Increasing the system's crosslinking degree will result in stronger membranes. However, a higher crosslinking degree produces a more brittle structure. Hence, there is an optimum crosslinking degree to achieve relatively strong and elastic hydrogels [17] . Mechanical tests of chitosan membranes are showed in Fig. 5 and their properties in Table  1 , both comparing pure chitosan and cross-linked membranes.
PVA/CH membranes for 5 and 10% PVA exhibited lower tensile strength, compared to pure chitosan, which can be attributed to the three-dimensional porous structure of the membrane for obtained crosslinking, in accordance with Zhao [11] .
Similarly, to other tensile properties, it was found that the modulus generally increased with the increasing of chitosan percentage. Samples prepared at 5% PVA showed a higher Young modulus for 30/70 PVA/CH and 70/30 PVA/CH membranes, followed by 50/50 PVA/CH; this can be attributed to a less efficient crosslinking rate between PVA and chitosan. This means that as the chitosan network increases, the mechanical properties increase becoming most rigid the membrane, which is consistent with results reported by Cabrera [18] and De Souza [19] .
In agreement with Drury [20] , PVA/CH stress-strain curves were highly dependent on the strain rate, which is indicative of a viscoelastic material, which exhibits a nonlinear behavior, generally observed in tensile tests of synthetic fibers, tendons, and ligaments.
It is relevant to compare the mechanical properties of chitosan membranes and cross-linked membranes with the mechanical properties of tissues. The absolute values for the ultimate stress and modulus of cross-linked membranes are several orders of magnitude smaller than non-mineralized tissues, as skin or muscle (KPa versus MPa) [21] . This suggests that chitosan is mechanically too weak to be used as a replacement for tissues, so it can be improved with PVA addition.
The results of the tensile test show that the CH membranes are more rigid, have higher Young's modulus, yield strength and Tensile Strength compared to pure PVA samples. While for PVA/CH membranes, values of yield strength and Tensile Strength are lower, but when the PVA/CH relation increases, tensile strength increases according as PVA concentration increases. Samples with PVA/CH -10% PVA showed a yield rate similar to the pattern of 10% PVA, as shown in the Table 1 . Fig. 6 shows the absorption capacity of evaluated membranes. According to swelling experiments, membranes absorbed water very quickly, reaching a swelling equilibrium during the first 3 hours, with an increase in volume appreciably noticed by visual inspection of the samples, in agreement with Tang [22] .
Aloe Vera absorption
Water absorption of hydrogels may be supported by hydroxyl groups of PVA and amino groups of chitosan, which interact with water molecules through hydrogen bond, and by the presence of a porous network in the hydrogel. Chitosan's absorbing rate is highly improved by the presence of PVA, and its value is not dependent of the PVA/CH ratio, in agreement with Borzacchiello [23] . Fig. 6a shows that the CH sample absorbs more water in its network (almost 8 times its weight). PVA patterns showed an increase in absorption of approximately 50%, the 10% PVA hydrogel was more stable through time.
The CH hydrogel showed a tendency to continue absorbing, and the 5% PVA hydrogel showed a tendency towards desorption, with lower absorption values at 48 hours. This water absorption may be supported by hydroxyl groups of PVA and amino groups of CH which interacted with water molecules through hydrogen bond, and by the presence of a porous network in the hydrogel. Cross-linked hydrogels ( Fig. 6b and 6c) show greater absorption capacity when the PVA is at higher concentrations, indicating a suitable cross-linking among molecules, in agreement with Wikanta [16] . Fig. 6b for 5% PVA hydrogels shows that the 30/70 PVA/CH hydrogel is the worst of the three hydrogels with other PVA/CH relationships, as the other two fractured in 6 hours after starting absorption, while 70/30 and 50/50 PVA/CH -5% achieving a 75% water gain, with an appropriate texture and transparency suitable for medical use. Fig. 6c shows the good performance of 50/50 PVA/CH and 70/30 PVA/CH at 10% PVA hydrogels. The absorption curve of the 70/30 PVA/CH hydrogel achieves high absorption values near 80%, but shows a tendency to continue absorbing; despite having achieved a 60% absorption, the 30/70 PVA/CH hydrogel is stable after 48 hours, reaching stability value at 16 hours.
While 50/50 PVA/CH hydrogel showed a good performance and stability at 48 hours, its texture is less rigid than the 70/30 PVA/CH, and takes a whitish, translucent and is not restored once with the solution of Aloe Vera, a situation that is not considered feasible for the observation of the wound during treatment, enforcement is sought with this study.
The comparison between chitosan membrane and PVA/CH crosslinked membranes has shown a water percentage decrease in the total mass of wet membrane. An average of 80% for chitosan membrane versus 50% for crosslinked PVA/CH membrane could be observed. This result confirms how water absorption is drastically changed by the PVA percentage incorporated, in agreement with that reported by Beppu [24] . The clear zones diameter formed represent PVA/CH hydrogel the inhibition activity tested. Samples were analyzed in order to reveal the antibacterial activity of 30/70 PVA/CH for PVA 5 and 10%, and 50/50 PVA/CH-10% PVA embedded in a 2% Aloe Vera solution. After incubation, it was only possible to see bacteriostatic activity for S. Aureus, for a period of 8 hours in lower content PVA (30/70 PVA/CH -5%), as can be seen in Fig. 7c .
Antibacterial activity
After this period, S. Aureus proliferates normally. After 24 hours, all samples showed no bacterial growth inhibitory halo, or bacteriostatic, both for S. Aureus and E. Coli, according to that reported by Wikanta [16] , also pattern culture medium solution Aloe Vera showed a slight bacterial growth could be due to environmental pollution, despite all the media were sterilized and previously worked in older aseptically. Those results differ from findings reported by Leon [12] , in which other zones of inhibition of bacterial growth of S. Aureus in PVA/CH hydrogels with Dragon's blood solution were presented, and these films only exhibited activity against S. Aureus, while in this study no bacteriostatic or bactericidal activity was not presented to E. Coli.
The positive and negative patterns behaved as expected; there was growth in negative pattern and showed the halo of inhibition in the positive pattern for S. Aureus and E. Coli.
Results showed that all hydrogels containing PVA/CH inhibited the growth of the bacteria tested with bigger inhibition zone than pattern hydrogel. The antibacterial properties of hydrogel containing chitosan are due to a positive charge of the amino groups in chitosan, and to its ability to bind to a negative charge in bacteria, and its effectiveness did not depend solely on the chitosan formulation but also on the type of fungus [25, 26] .
Conclusions
It was possible to obtain a hydrogel suitable to be used in tissue engineering (30/70 PVA/CH -10% PVA) with appropriate crosslinking degree, good mechanical properties, absorption capacity, morphological, and that managed to retain bacterial growth during 8 hours, thanks to the incorporation of Aloe Vera in the network.
The hydrogels obtained with PVA/CH mixtures have properties that are different to pure PVA hydrogel mechanical. The latter is very flexible and has low absorbency. Instead, mixtures hydrogels have good flexibility and good absorption capacity.
The study of these polymeric media for the controlled release of active ingredients, it marks for the development of new biocompatible devices. This study generated a hydrogel which has good features allowing it to be implemented in the future as a releasing medium and chitosan Aloe Vera, however, should kinetic release studies should be performed soon, in vivo studies and improve the bactericidal properties of the device for cutaneous applications.
